Spinal cord injury (SCI) can be a lifelong, devastating condition for both the patient and the caregiver, with a daunting incidence rate. Still, there are only limited available therapies and the effectiveness of precise regeneration within the central nervous system is minimal throughout postnatal life. Recently, improved regeneration after SCI was seen by manipulating a pathway in sensorimotor neocortices that is involved in phosphorylation of an RNA binding protein (RBP) required for mRNA translation, the Eukaryotic translation initiation factor 4E (eIF4E). Our data identifies rapid molecular alterations of eIF4E in the sensorimotor neocortices 1 and 3 days after a lateral hemisection SCI, used as a model for Brown-Séquard syndrome. The function of an RBP depends on both its distribution sites within the cell and its phosphorylation states. Indeed, we found both to be affected after SCI. There was a distinct subcellular redistribution of eIF4E and phosphorylated-eIF4E was reduced, indicating that the eIF4E's translation was disrupted. Upon identification and analysis of the mRNA cargo of eIF4E in uninjured sensorimotor neocortices, we found that eIF4E binds both Importin-13 (Ipo13) and Parvalbumin (Pv) mRNAs, indicating a role in their translation. Remarkably, eIF4E's interaction with both Ipo13 and Pv mRNAs was disrupted 1 and 3 days after SCI, despite preservation of total Ipo13 and Pv mRNA levels. Finally, we detected a selective loss of expression of both IPO13 and PV proteins in projection neurons of sensorimotor neocortices, as well as their disrupted dendritic polarity. Since IPO13 is predominantly expressed in neocortical projection neurons and PV in a subset of neocortical interneurons, these data suggest a strong acute effect of SCI on neocortical microcircuitry. Taken together, these data indicate that neocortical eIF4E and a subset of mRNAs may be rapidly recruited to translational machinery after SCI to promote adaptive regeneration response of sensorimotor neurons.
Introduction
An SCI begins with a traumatic event in the spine that may cause widespread and sometimes irreversible changes in the central nervous system (CNS) [1, 2] . The SCI trauma can be caused by a sudden external physical injury, or by internal hypoxia, inflammation or bleeding [1, 2] , making it difficult to design preventative treatments. An SCI may destroy few to almost all descending corticospinal (CS) and ascending sensory axons traveling through the site of the injury. As a result, CS axons are irreversibly injured and cortical activity dependent on sensory afferents is altered [1] [2] [3] .
These injuries and changes provoke adaptive reorganizational events in sensorimotor neocortices of all mammalian species that are distant to the injury site [4] [5] [6] [7] . Some of these reorganizational events contribute to functional recovery, but some may also provoke erroneous or maladaptive functions, resulting in chronic pain and/or spasticity [1, 2, 8] . Indeed, the impact of SCI can range from complete or partial paralysis of the body below the lesion site, to sometimes partial or complete recovery [1, 2] . The incidence of SCI in the world ranges between 10.4 and 83 cases per million people per year, depending on the region analyzed [8] [9] [10] . However, in world regions affected by war, the incidence of SCI transiently multiplies [10] . Furthermore, care for people affected by SCI is predominantly given at home, the cost of which can run into millions of dollars and is a great strain on the patient and the caregiver. Moreover, due to limited capabilities of the CNS for repair, the effectiveness in precise regeneration after an SCI throughout postnatal life is minimal [1, 2, 8] .
Therefore, the need to better understand SCI pathogenesis at a molecular level is even greater, and novel approaches are needed to enhance regeneration after SCI.
Recently, molecular manipulations of sensorimotor neocortices improved functional plasticity following an SCI [11, 12] . These data An SCI induces adaptive plastic reorganization of the primary sensorimotor neocortex, which indicates microcircuitry reorganizational events [3] [4] [5] [6] [7] . Electrophysiological studies
show that SCI produces an immediate functional reorganization of the neocortex, while an increase in fMRI signal occurs by the 3rd day after an SCI [3, 7] . At the cellular level, dendritic spine morphology changes were found as early as 3 days post-SCI, and by 7
days post-SCI their number decreased [13] .
Quantifiable changes in the reorganization of axonal and dendritic processes are expected to require a longer time interval after the SCI.
For example, hindlimb CS neurons retract, sprout and incorporate into the sensorimotor circuits of the unaffected forelimb after several weeks [4] . Thus, detecting reorganization of neocortical microcircuitry in a restricted region less than 3 days after an SCI would be novel asset to the SCI field. of Nogo receptor and its co-receptor LINGO-I, while BDNF was up-regulated, as early as day 1 post SCI [7] . In addition, GAD67 mRNA stayed unchanged [7] . Axotomized CS neurons post-SCI have also shown decreased mRNA expression of cytoskeletal proteins such as tubulin [48] . The animals' locomotor abilities were assesed 1, 2 and 3 days post injury to determine the effectiveness of our injury paradigm. We observed our animals in a runway (100 X 6.4 X 10.5 cm). The runway had a "gated start box" at one end and a dark "goal" or "safety enclosure" at the other. The floor of the runway was made of clear Plexiglas. The run from start box to the goal was 75 cm. A mirror placed underneath the runway allowed the observer to detect foot positioning and aided in photographic documentation. Also, with the runway placed on a lab bench, toe clearance was easily observed through the clear viewing wall. We scored the animals using the conventional Basso Mouse Scale (BMS) [42] [43] [44] . Because the BMS scale was designed to assess a bilaterally symmetrical contusion injury we in addition we used the Murine Locomotor Components Scale (MLCS), developed in our laboratory [45] [46] [47] . The MLCS, derived from the salient features of both the BMS and the earlier BBB scale [44] , allowed user to assess each hindlimb independently as well as overall walking ability. As used in this investigation, the MLCS is a 32-point scale that considers murine locomotion as a hierarchical organization of components--hindlimb (HL) stepping, coordination, HL weight support, stability/ posture, and balance. In addition, each of these components are based on subcomponents (e.g., toe clearance and foot position). Scores for each of these subcomponents may be summed to give an overall assessment of the animal's locomotor ability; or, they grouped to form a number of component subscores that may be used to monitor specific aspects of behavioral recovery and the assessment of asymmetry characterized by the hemisection injuries used in this study.
Immunocytochemistry
Adult CD-1 and B6 mice were perfused 
RNA Isolation
Contra-lesional sensorimotor neocortices from Sham operated or SCI operated animals were excised and RNA was isolated from cortices using Ambion RNAqueous Midi (AM1911) or Ambion PARIS kit (AM1921). 
Western blotting
Contra-lesional sensorimotor neocortices were dissected and Ambion PARIS kit (AM1921) was used to isolate total protein.
Lysate was subjected to Invitrogen NuPAGE western blotting system using 12% Bis- 
Microarray and analysis
RNA precipitates were sent to UMDNJ-RWJMS transcriptional profiling facility to be analyzed on Affymetrix Mouse GeneChip 1.0 ST array. Obtained array data were analyzed using Partek's Genome Suite. Genes bound significantly higher (p < 0.05) by eIF4E than by IgG were considered further. Within these, cutoff was set at 1.5 fold change. Genes bound to eIF4E were further analyzed using functional annotation clustering analysis from DAVID (http://david.abcc.ncifcrf.gov/).
Real Time Quantitative RT-PCR Applied Biosystems 1-Step master mix and
Taqman probes were used according to protocol. Each assay was done in triplicate and quantitated using delta-delta CT method.
Gapdh was used as a control.
Statistical analysis
For data analysis t-test was used. p < 0.05 was considered as statistically significant.
In all figures error bars represent standard deviation.
results
3.1 Subcellular distribution of eIF4E is disrupted after SCI, but eIF4E protein levels are unchanged
After an SCI, reorganization occurs in all layers of the sensorimotor neocortex [4] [5] [6] [7] . . Surprisingly, within this cluster, we found Parvalbumin (Pv) mRNA, which is expressed in a subpopulation of interneurons [25] [26] [27] . eIF4E. eIF4E and bound mRNAs were precipitated from dissected developing neocortices using HuR RIP-Chip certified antibody and kit. Corresponding IgG was used as negative control. Isolated mRNAs from eIF4E and IgG precipitates were analyzed using Mouse Exon 1.0 ST arrays and PGS. mRNAs that are bound significantly higher by HuR than IgG were analyzed using functional annotation clustering of DAVID. We found that eIF4E binds Ipo13 and Pv. (B) To confirm the RIP-Chip analysis, quantitative RT-PCR analysis on additional eIF4E RIPs confirmed high binding of both Ipo13 and Pv mRNAs to eIF4E, while eIF4E did not bind eIF4E mRNA higher than control IgGs. The levels of mRNAs bound were normalized towards levels of mRNAs bound to control IgGs. (C,D) Immunostaining of adult sensorimotor neocortices revealed that IPO13 (C; green) and PV (D; green) are co-expressed with eIF4E in neocortical neurons of adult sensorimotor neocortices. In sham operated control 1 and 3 days post-surgery, phospho-eIF4E was found equally distributed in cytoplasm and in initial parts of dendrites of neocortical projection neurons. However, 1 and 3 days after SCI phospho-eIF4E expression was downregulated in most of the contra-lesional sensorimotor neurons.
3.6 Dendritic polarity of projection neurons of sensorimotor neocortices is disrupted after SCI Dendrites of projection neurons in sensorimotor neocortices show a highly polarized organization, with one apical dendrite and several basal dendrites [28, 29] (Figure 8 ). The dendritic organization of mature neurons can be disrupted by an axonal injury, aberrant neuronal activity and/or disrupted mRNA translation events [28, 30, 33] . During SCI, both CS and sensory axons are injured and neocortical activity rapidly changes as a result (71-3). Furthermore, Importins are known to play a role in retrograde signaling, and PV interneurons target the initial segment of an axon of projection neurons. Both of these functions are also important for neuronal dendritic polarity [31, 32] . Taken together with our results described above, the dendritic polarity of projection neurons is expected to be affected after SCI. Therefore, we first examined the acute effect of SCI on dendritic polarity of projection neurons in the contra-lesional sensorimotor neocortices. Immunostaining for SMI32, a marker for projection neurons, showed significant disruption of dendritic polarity of the sensorimotor neocortices contralateral to the SCI site, when compared to sham-operated controls 1 and 3 days post-surgery (Figure 8 ).
These data suggest that SCI acutely disrupts the dendritic polarity selectively in contralesional sensorimotor neocortices, which does not recover after 3 days. Taken together, the alteration in dendritic morphology and the loss of PV-expression indicate an acute reorganization of microcircuitry of contralesional sensorimotor neocortices after SCI.
3.7 eIF4E is expressed in central neurons of human adult primary motor neocortices
Next, we determined the expression pattern for eIF4E in adult human sensorimotor neocortices.
To examine this, we immunostained primary 
discussion
Our goal was to determine the effect of an SCI on eIF4E in neurons of sensorimotor neocortices that are distant from the injury site. In this study, we found that levels of eIF4E did not significantly change, but its subcellular distribution and phosphporylation were disrupted. These data suggest that function of eIF4E is disrupted. Indeed, we found that binding of distinct mRNAs, such as Ipo13 and Pv, to eIF4E was acutely disrupted after SCI.
Furthermore, total levels of mRNA of both Ipo13
and Pv did not significantly change following SCI, while their protein was undetectable.
Since we tested acute adaptive changes only after lateral hemisection SCI at T10, we can not exclude the possibility that after different types of SCI or after longer than 3 days post-SCI periods, IPO13-or PV-proteins will be re- [34] . Both the mRNA and protein of eIF4E are found in dendrites as well as the cytoplasm [35, 36] . Our results show a spatial re-distribution of this eIF4E expression after SCI in the contra-lesional sensorimotor neocortices. In addition, these sensorimotor neocortices have slower spontaneous activity due to deafferentation [3] . Thus, our finding of eIF4E's re-distribution after SCI is consistent with a recent report that neuronal activation promotes redistribution of eIF4E in neurons [35] . eIF4E is a major rate-limiting factor during protein synthesis; therefore, the SCI-triggered re-distribution of eIF4E may jeopardize the necessary local protein translation in neocortical dendrites. Local protein translation in dendrites is known to be essential for synaptic plasticity and is responsive to neuronal activity, which, in turn, affects the structural and functional plasticity of the dendrites [36] . Importantly, phosphoproteins were shown to be strongly affected in lesioned peripheral neurons [6] . These data indicate that that RBPdependent mRNA translation may be central in acute responses of injured neurons after SCI.
In addition, it was recently shown that genetic manipulation of PTEN/Akt/mTOR pathway in CS neurons improved the CS regeneration after SCI [7] . Both PTEN/Akt/mTOR signaling and neuronal activity play a role in phosphorylation and, 
